Background: Transmission of Salmonella in veterinary hospitals is typically associated with environmental contamination. Links between isolates recovered from hospitalized large animals and environment suggest animals as the likely source. Therefore, understanding factors influencing shedding is key in control. Shedding in hospitalized animals has been investigated, but many studies focused on subsets of animals limiting generalizability.
| INTRODUCTION
Salmonella enterica is one of the most commonly reported agents associated with health care-associated infections (HAIs) in veterinary teaching hospitals (VTHs), and can be associated with high case fatality rate and substantial financial cost. 1, 2 Characteristically, these outbreaks are accompanied by widespread environmental contamination, which likely contributes to ongoing transmission among animals. 2, 3 Environmental isolates can have the same phenotype (serotype and antimicrobial susceptibility) as animal isolates suggesting animals to be a likely source for environmental contamination. 4 Studies inconsistently report many factors that might be associated with animal shedding-some reporting an increased shedding risk associated with abdominal surgery, 5-8 diarrhea, [9] [10] [11] colic, 12 fever, 6,9 abnormal white count, 6,10 nasogastric intubation, 10, 12 antimicrobial treatment, 7, 12 a change in diet, 6, 9 transportation, 10 age, 7 and breed 6 ; and others reporting no shedding risk associated with abdominal surgery, 9, 10, 12, 13 fever, 7,10,13 abnormal white count, 7, 9, 13 nasogastric intubation, 6, 9, 13 antimicrobial treatment, [9] [10] [11] change in diet, 10 transportation, 7, 13 or age, sex, and breed. 9, 12, 13 Some of these differences can be attributed to previous reports often targeting specific high-risk subgroups such as horses with colic [8] [9] [10] or diarrhea 8, 9, 12, 14 ) , or there use of intermittent sampling 5,15 from a limited time period (eg, 2-24 months) 5, 9, 10, 15 Additionally, the majority of these reports concentrate on horses and do not evaluate the entire large animal hospital population.
Although results of these studies can be useful, it is prudent to exercise caution when extrapolating conclusions to the broader hospital population. If the occurrence of epidemic disease in a hospital population is related to endemic rates of fecal shedding, then evaluating the general hospital population over an extended period of time (eg, 10 years) will allow for the investigation of factors that could be employed in routine prevention of HAIs. At the Colorado State University (CSU)-VTH, routine fecal surveillance of hospitalized large animals has been conducted since 2002, as part of long-term infection control efforts. This presents a unique opportunity to gain a better understanding of factors associated with endemic shedding among the general large animal hospital population without limiting it to targeted sampling of high-risk subgroups or particular species, and to do so based on standardized sampling and culture techniques that have been employed in an active surveillance program spanning 10 years.
Choosing the most relevant comparison group in a case-control study can be challenging. This is especially true when studies are conducted to determine factors associated with shedding at times of epidemic disease as most veterinary hospitals do not test fecal samples for Salmonella in all large animals, especially in the absence of disease. 16 Many hospital-based surveillance programs focus on restricted subpopulations such as large animals presenting for colic, diarrhea, or having clinical signs indicative of salmonellosis, which considerably limits the ability to identify truly negative animals. 12 Additionally, the identification of truly negative animals is hampered by limitations in Salmonella detection methods, which are generally considered to have imperfect sensitivity necessitating lengthy culture processes (ie, enriched cultures) and testing of multiple samples per animal. Thus, it can take up to 3 days to realize test results for a single sample, and typically 3-5 fecal cultures are performed and interpreted in parallel to achieve reasonable sensitivity for the testing strategy. Based on routine surveillance at the CSU-VTH, culture-positive large animals (eg, horses, cattle, small ruminants, pigs, and New World camelids [NWCs]) are frequently identified on days 4-7 of hospitalization (having had at least 2 cultures), whereas culture-negative large animals are more commonly hospitalized less than 3 days (ie, will typically have had only a single negative culture) and greater than 8 days (ie, will have had ≥3 negative cultures). 17 Therein lays the difficulty-which group of culture-negative animals is the better comparison for this type of research, and what effect will this choice have on overall conclusions?
The objectives of this study were to (1) investigate factors associated with fecal shedding of Salmonella among all hospitalized large animals at a VTH, and (2) compare results obtained using 2 different comparison groups of large animals for risk factor analysis-animals with high confidence in negative shedding status, and those with potential for misclassification of shedding status.
| MATERIALS AND METHODS

| Study overview
A case-control study was conducted to detect factors associated with S. enterica fecal shedding among the general large animal hospital population at the CSU-VTH from 2002 to 2012. Fecal samples were routinely collected at admission and throughout hospitalization, and cultured to detect Salmonella. Cases included all Salmonella-positive large animals (having ≥1 culture-positive fecal sample). Controls were enrolled in 2 groups-randomly selected hospitalized large animals with ≥1 negative culture (1NEG controls) and randomly selected large animals with ≥3 negative cultures (3NEG controls). Data were derived from long-term surveillance conducted as part of the Infection Control Program and electronic medical records at the CSU-VTH. Conditional logistic regression was used to develop 2 multivariable models to determine factors that might be associated with fecal shedding of Salmonella. All data were derived from in-hospital animal management data and owner consent was obtained before study initiation as part of the hospital admissions process.
| Population and study subjects
The study population included all hospitalized large animals (ie, had at least 1 night of hospitalization) from the species most commonly admitted (equine, bovine, NWC, and small ruminants [caprine and ovine]) to the CSU-VTH from April 2002 through December 2012 (n = 11 061; Figure 1 ). The limited numbers of animals of other species was excluded (eg, bison and elk). Cases were defined as large animals that had ≥1 fecal sample obtained during a single hospitalization that was culture positive (n = 648). Controls were randomly selected from all large animals that were culture negative throughout their hospitalization during the study period (n = 10 413). Two control groups, based on common comparison groups reported in the literature, were randomly selected from these culture-negative animals: (1) hospitalized large animals with ≥1 negative fecal culture (1NEGcontrols; n = 645), and (2) hospitalized large animals with ≥3 negative fecal cultures (3NEG controls; n = 609). Additionally, cases and controls were matched by the month and year of admission.
Each animal could only be enrolled once in the study (ie, once enrolled all other visits were disregarded) and each control could only be enrolled in 1 comparison group. F I G U R E 1 Derivation of study participants. Cases, animals with ≥1 culture-positive fecal sample; 1NEG controls, randomly selected animals with ≥1 negative culture; 3NEG controls, randomly selected animals with ≥3 negative cultures 48 hours before fecal sample collection (yes/no), diarrhea (defined as loss of formed fecal consistency) within 48 hours before fecal sample collection (yes/no), and reduced feed intake in previous 48 hours (yes/no). identified, confounding variables were forced into the multivariable models regardless of P-values. First-order interaction terms for main effects variables included in final models were also evaluated. Odds ratios (OR) and profile likelihood 95% confidence intervals (CIs) were calculated using the least squares mean estimates. In addition, analyses were stratified by species to assess species influence on parameter estimates (ie, sensitivity analysis). Crude population attributable fractions (PAFs) were estimated using parameter estimates (derived from univariable modeling of 1NEG controls) and population prevalence for variables of interest. 18 Pearson residuals and delta-betas were evaluated to assess model fit-with none indicating a lack-of-fit of final multivariable models. All statistical analyses were conducted with SAS v9.3 (SAS Institute, Inc, Cary, North Carolina).
| Fecal samples
| Potential risk factors
| Variables related to animal population characteristics
| Variables related to animal management and hospital factors
| Data analysis
| RESULTS
Overall Salmonella shedding prevalence among large animals admitted during the study period was 5.9% (648/11 061)-with the highest prevalence occurring in bovids (73.5%; 476/648; Table 1 ); the majority of which were dairy cattle (98%; including Ayrshire, Brown Swiss, Holstein-Friesian, and Jersey breeds). The duration of hospitalization was similar for cases and 1NEG controls, with a mean of 3.8 days (median 2, IQR 1-5) and 3.1 days (median 2, IQR 1-4), respectively, whereas it was notably longer for 3NEG controls with a mean of 11.7 (median 8, IQR 6-11).
During the study period, there were 81 clusters of within-hospital horizontal transmission of Salmonella identified retrospectively among hospitalized animals (ie, at least 2 animals from different farms with phenotypically similar isolates hospitalized within 10 days of each other). On average, this involved 3 animals (range 2-21) and continued for 13 days (range 1-64). Most commonly they involved bovid, accounting for approximately 52.7% (116/220) of all animals involved (ie, animals shedding phenotypically similar isolates).
| Univariable and multivariable modeling with 1NEG controls
Variables included in multivariable model building included hospitalization days, systemic illness, diarrhea in previous 48 hours, having a fever in previous 48 hours, leukopenia in previous 48 hours, route of antimicrobial drug administration, body system affected (specifically shed Salmonella as compared to animals hospitalized for ≤3 days (P < .0001). In addition, there was an increased odds of shedding Salmonella for animals with gastrointestinal disease as compared to healthy animals (P = .01), for animals that received aminoglycoside antimicrobial drugs during hospitalization as compared to animals who did not (P = .01), animals that were female as compared to male (P = .01), and animals transported 20 or fewer miles as compared to animals transported 50 miles or greater (P = .01). Interestingly, animals with "unknown" leukopenia were almost 3 times more likely to shed as compared to animals without leukopenia (OR 2.75; 95% CI 1.72, 4.41), whereas the odds of shedding among animals with leukopenia was no different than for animals without leukopenia. In general, analyses stratified by species resulted in stronger measures of association for hospitalization days among horses (data not shown).
| Population attributable fraction
Population attributable fraction is the proportion of disease risk in a population that can be attributed to a particular risk factor or group of factors, 18 approximately two-thirds of animals shedding Salmonella in this population. This will presumably limit the potential for environmental contamination, which is typically seen when animals are shedding, as the lag time of 3-5 days (depending on testing methodology) to realize results has effectively been eliminated.
Although 3NEG controls might represent a slightly different population as compared to the case population, resultant associations do support our assertion; that animals with more severe disease are more likely to be shedding. Although systemic illness was a confounder in this model, other variables that suggest disease severity, such as gastrointestinal disease, receiving aminoglycoside antimicrobial drugs, and experiencing leukopenia, were associated with animal shedding.
Although experiencing leukopenia in the previous 48 hours was associated with animal shedding, a stronger association was noted for animals with an unknown leukocyte count. We suspect this is related to the high proportion of shedding dairy cattle in our population that are hospitalized for less than 3 days and are medically managed without consulting CBCs (typically these animals present with a displaced abomasum). Additional factors associated with shedding in this model were sex (specifically being female) and transportation distance (specifically traveling ≤20 miles). Again, we believe these associations to be related to our animal population, 25% being mostly lactating dairy cattle with a high shedding prevalence, which typically reside within 20 miles of our facility. Although this is specific to our practice area, it highlights the importance of developing an infection control program that is specific to the facility and practice environment.
For facilities managing more than 1 species, consideration should be given to species segregation as a means of shedding risk mitigation, as again approximately 70% of animals shedding can be attributed to species in this study population (PAF = 68.7%). It is important to interpret this in light of the animal population from which it was derived, specifically that the bovine caseload at our facility is predominately dairy breeds and generally has a high shedding prevalence. Although this is likely similar to other academic institutions (ie, managing multiple species), it might not be so with respect to private practices. As the hospital population varies with regard to risk factors of interest, the results of this study become less generalizable. In addition, consideration should be given to differences in facilities and infection control protocols as these will likely impact infectious disease transmission among animals.
Although this was a retrospective study and relied on the quality of data recorded in the medical record, it was based on routine fecal surveillance for an extended period of time. As such, we believe that resultant associations do support our assertion that consideration of severity of disease should be a key component to policy development and will potentially allow for substantial risk mitigation with respect to endemic shedding of Salmonella and ultimately to the prevention of epidemic disease.
